Human immunodeficiency virus type 1 (HIV-1) pol mutations are responsible for HIV-1 resistance to current antiretroviral drugs. HIV-1 RNA extraction with QIAamp HCV kit spin columns (Qiagen, Chatsworth, Calif.) followed by reverse transcription-PCR successfully recovered a 1,008-bp pol fragment from the plasma of 31 of 34 HIV-1-infected patients that was suitable for sequencing and recombinant-virus studies. The minimum HIV-1 RNA concentration required for gene recovery was 30 to 40 copies/ml, which was similar to the minimal HIV-1 RNA concentration required when phenol-chloroform or silica beads are used for RNA extraction.
Sensitive reverse transcription (RT)-PCR protocols that amplify short (100-to 200-bp) regions of human immunodeficiency virus type 1 (HIV-1) have been developed for detection and quantitation of HIV-1 RNA in plasma (4, 5, 8) . However, the sensitivity and yield of extraction of HIV-1 RNA from plasma and RT-PCR for amplifying larger HIV-1 gene fragments for genotypic and phenotypic analyses have not been examined. Sequencing of HIV-1 protease and reverse transcriptase genes is commonly used to study the genetic mechanism of resistance to antiretroviral drugs. We describe a method for extracting HIV-1 RNA from plasma with the QIAamp HCV kit (Qiagen, Chatsworth, Calif.), and we compare this method to two previously described methods of RNA extraction with phenol-chloroform or silica beads.
Test samples. (i) Plasma. Plasma samples from HIV-1-seropositive patients were collected into tubes containing acidcitrate-dextrose anticoagulant. Plasma was separated from whole blood by centrifugation at 400 ϫ g to 800 ϫ g for 10 to 20 min. Separated plasma was recentrifuged at 800 ϫ g for 10 to 20 min to sediment platelets. Clarified plasma was frozen at Ϫ70ЊC in 1-ml aliquots. The plasma HIV-1 RNA concentration was determined by a quantitative RT-PCR assay, the Amplicor HIV Monitor test (Roche Diagnostics Systems, Branchburg, N.J.) (4, 5) .
(ii) HIV-1-seronegative plasma spiked with HIV-1 from a virus stock prepared at the Virology Quality Assurance Laboratory, Rush Medical College (Chicago, Ill.). The HIV-1 stock concentration was assessed by electron microscopy (described in reference 3), the Amplicor HIV Monitor test, and the Quantiplex branched-DNA signal amplification assay (Chiron, Inc., Emeryville, Calif.). Multiple 200-l plasma aliquots containing 10 5 , 10 4 , 10 3 , 10 2 , and 10 1 virions/200 l were then created.
Nucleic acid extraction. Three methods were used for RNA extraction: one involving QIAamp HCV kit spin columns, one involving silica beads, and phenol-chloroform phase separation purification. The latter two methods have been previously described (1, 7, 8) ; extraction with QIAamp HCV kit spin columns is described here. Thawed plasma aliquots were dispensed into 1.5-ml microcentrifuge tubes and centrifuged for 10 min at 125,000 ϫ g at 10ЊC to concentrate the virus. The nonvisible virus pellet was resuspended in 140 l of diethyl pyrocarbonate (DEPC)-treated H 2 O. The manufacturer's instructions for the QIAamp HCV kit were then followed. (i) A total of 560 l of virus lysis buffer-carrier RNA was added to 140 l of concentrated virus from plasma, and the mixture was vortexed and kept at 20ЊC for 10 min. (ii) A total of 560 l of 100% ethanol was added, and the mixture was vortexed. (iii) The new mixture was added to the spin column, which was centrifuged at 6,000 ϫ g for 1 min in a microcentrifuge. (iv) The spin column was washed twice with 500 l of wash buffer (6,000 ϫ g for 1 min). (v) To elute the bound nucleic acid, 50 l of 80ЊC DEPC-treated H 2 O was added to the column, which was again centrifuged at 6,000 ϫ g for 1 min.
RT-PCR and nested PCR. The conditions for RT-PCR were the same for each of the three methods compared. A 25-l master mixture containing Ն200 U of murine leukemia virus reverse transcriptase (Pharmacia Biotech), 25 mM deoxynucleoside triphosphate, primer RT21 (250 ng; 5Ј-CTGTATT TCTGCTATTAAGTCTTTTGATGGG-3Ј), 2.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris HCl (pH 8.3), 10% Nonidet P-40, 0.1 M dithiothreitol, and 40 U of RNasin (Promega, Madison, Wis.) was added to 25 l of the eluted nucleic acid. The reaction mixture was incubated for 30 min at 42ЊC and then for 5 min at 95ЊC.
The 50-l reverse-transcribed sample served as a template for the nested PCR, which was performed by a modification of a previously described protocol (6) . The first PCR used primers RT18 (250 ng; 5Ј-GGAAACCAAAAATGATAGGGGG AATTGGAGG-3Ј) and RT21 (added for the RT step), 2.5 U of Taq, 0.25 mM deoxynucleoside triphosphates, and 2.5 mM MgCl 2 , in a final volume of 100 l. Thirty-five cycles of 94ЊC for 60 s, 55ЊC for 60 s, and 72ЊC for 120 s were performed in a thermocycler. Ten microliters of the product from the first PCR served as a template for the second PCR, performed with primers RT19 (250 ng; 5Ј-GGACATAAAGCTATAGGTAC AG-3Ј) and RT20 (250 ng; 5Ј-CTGCCAGTTCTAGCTCTGC TTC-3Ј) and under the same conditions as the first PCR.
Detection of amplified HIV-1 pol cDNA. Ten microliters of the product from the second PCR was analyzed by agarose gel electrophoresis and ethidium bromide staining. If an Ϸ1-kb fragment was present, the PCR product was purified. The genotype and phenotype of the pol gene were studied by DNA sequencing and/or the creation of infectious HIV-1 by homologous recombination with a proviral HIV-1 DNA clone containing a 780-bp pol gene deletion (⌬2-262, kindly provided by Wilco Keulen, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands) (2).
Sensitivity of QIAamp HCV kit spin columns and PCR for extraction of HIV-1 RNA from clinical plasma samples. A 1,008-bp HIV-1 pol fragment was amplified from the plasma of 31 of 34 (91%) HIV-1-infected persons (Fig. 1) . The HIV-1 RNA concentrations in these samples were determined by quantitative PCR (Amplicor HIV Monitor test). The three plasma samples which did not yield a 1-kb fragment had relatively low HIV-1 RNA concentrations (Ͻ10 2.0 RNA copies/ml, Ͻ10 2.0 RNA copies/ml, and 10 3.3 RNA copies/ml [ Fig. 1]) . In each of the 31 cases, amplified DNA was confirmed to be HIV-1 pol by either DNA sequencing or the creation of infectious recombinant HIV-1.
To determine the minimum plasma HIV-1 RNA concentration required for HIV-1 pol gene recovery, we performed four limiting dilution analyses with clinical plasma samples (Fig. 2) . The estimated HIV-1 RNA copy number for each dilution was based on the Amplicor HIV Monitor test results for these samples. HIV-1 pol was detected in eight of eight replicates of 1,000 RNA copies, eight of eight replicates of 250 RNA copies, three of eight replicates of 62.5 RNA copies, and three of eight replicates of 15.6 RNA copies. As determined by a linear logistic model, the estimated number of plasma HIV-1 RNA molecules required to yield the pol fragment in 50% of the assays was 41 RNA copies/ml (95% confidence interval [CI], 15 to 108 copies/ml).
To assess the frequency of contaminating viral or proviral DNA, a non-reverse-transcribed nucleic acid control was also amplified in 22 of 34 of the plasma samples by nested PCR. For these samples, the column eluate was split into 25 l for RT-PCR and 25 l for nested PCR without a preceding RT step. Only 1 of the 22 non-reverse-transcribed controls yielded an Ϸ1-kb PCR product reflecting the presence of contaminating viral or proviral DNA (9). The spiked-plasma HIV-1 RNA concentration was determined by electron microscopy (described in reference 3), the Amplicor HIV Monitor test, and the Chiron Quantiplex branched-DNA signal amplification assay. Error bars show the standard errors associated with the estimates of the number of plasma HIV-1 RNA molecules required to yield the pol fragment in 50% of the assays. The negative result at 10 5 copies for phenol-chloroform was attributed to a pipetting error and was not included in the titration analysis.
Comparison of HIV-1 RNA extraction from spiked plasma samples with the QIAamp HCV kit, silica beads, and phenolchloroform. The minimum plasma HIV-1 RNA concentration required for HIV-1 pol gene recovery by three different extraction methods was compared with aliquots of HIV-1-seronegative plasma spiked with serial 10-fold dilutions of a supernatant from an HIV-1 stock culture. The estimated 50% minimum plasma HIV-1 RNA concentrations were 26 copies/ml (95% CI, 7 to 100) for the QIAamp HCV kit, 43 copies/ml (95% CI, 16 to 112) for phenol-chloroform, and 11 copies/ml (95% CI, 0 to 107) for silica beads. There was no statistically significant difference between each of these results and those obtained with the QIAamp HCV kit and the clinical plasma samples.
Discussion. HIV-1 RNA extraction with QIAamp HCV kit spin columns followed by RT-PCR is a new method for recovering plasma HIV-1 RNA for sequencing and other applications. The sensitivity of the method across a range of clinical samples was demonstrated by recovering HIV-1 pol genes from the plasma of 31 of 34 HIV-infected persons. Limiting dilution analysis of plasma from HIV-1-infected persons and of plasma spiked with known numbers of virions demonstrated that the minimum HIV-1 RNA concentration required for gene recovery is Ϸ30 to 40 copies/ml.
There were no statistically significant differences in the minimal plasma HIV-1 RNA concentration required for pol gene recovery when QIAamp HCV kit spin columns, silica beads, or phenol-chloroform was used for RNA extraction. Although ultracentrifugation is not included in the manufacturer's instructions for the QIAamp HCV kit, this step improves sensitivity by concentrating the plasma HIV-1 RNA before the spin columns are used. RNA extraction with silica beads is sensitive even in the absence of ultracentrifugation, but this method requires that complicated buffers be made consistently and also requires careful pipetting to remove the RNA solution from the silica beads (1) . RNA extraction with phenol-chloroform is the most labor-intensive method and requires additional safety measures for handling and disposing of phenol.
Recovery of HIV-1 gene fragments from plasma samples may be reduced by several factors, including incomplete RNA recovery, incomplete protection from plasma RNases, and incomplete RT due to RNA secondary structure. RNA extraction with QIAamp HCV kit spin columns can be used to reproducibly recover HIV-1 RT cDNA directly from the plasma of HIV-1-infected individuals for DNA sequencing and drug susceptibility testing of recombinant viruses.
